This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the 
original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problems Mailbox. 



THIS PAGE BLANK (uspto) 



® 




Europaisch s Patentamt 
European Patent Off 1c 
Office europeen des brev ts 



© Publication number: 



1 



0 605 796 A2 



EUROPEAN PATENT APPLICATION 



© Application number: 93119537.4 
© Date of filing: 03.12.93 



© lnt.CI.5:A61M 25/01 



© Priority: 04.12.92 US 987750 
29.06.93 US 84549 

@ Date of publication of application: 
13.07.94 Bulletin 94/28 

© Designated Contracting States: 
DEFRGB 



© Applicant: C.R. BARD, INC. 
730 Central Avenue 
Murray Hill New Jersey 07974(US) 

@ Inventor: Stevens-Wright, Debbie 
78 Shawna Street 
Fitchburg, MA 01420(US) 
Inventor: Russo, Massimo 
14 Warwick Road 
Brookllne, MA 021 4 6( US) 
Inventor: Nielson, Peter 
21 Nut Island Avenue 
Quincy, MA 02169(US) 
Inventor: Bertram, Paul 
27 Eaton Drive 
Hudson, MA 01749(US) 



© Representative: Marsh, Roy David et al 
Hoffmann Eitle & Partner 
Patent- und Rechtsanwalte 
Arabellastrasse 4 
D-81925 MUnchen (DE) 



© Catheter with independent proximal and dista 

© A steerable electrocardial catheter comprises an 
elongated flexible shaft and a flexible tip assembly 
connected to the distal end of the shaft. The tip 
assembly comprises a distal section and a proximal 
section coaxial with the shaft, the stiffness and 
N length of the distal and proximal sections being 
^ selected to provide a predetermined curve configura- 
{0 tion of the tip assembly when the distal section 
8> and/or proximal section is bent. A first pair of pull 
^ cables extending through the catheter is anchored at 
Ifl a first point in the tip assembly for bending the 
O proximal section in a predetermined plan . A second 
*® pair of pull cables extending through the catheter is 
O anchored at a second point in the tip assembly for 
q bending the distal section in a predetermined plane. 
hi Any desired orientation of the bending planes is 
possible with the invention. A handle/actuator for use 
with a steerable catheter having a tip assembly and 



control and actuator for use with same. 

four pull cables for bending said tip assembly, com- 
prises a housing containing rotary and linear ac- 
tuators. The rotary actuator is in the form of a wheel 
rotatably supported in said housing with a portion of 
said wheel being accessible from the exterior of said 
housing. Two of the pull cables are anchored to the 
wheel such that clockwise rotation of the wheel ap- 
plies tension to one pull cable and counter-clockwise 
rotation of the wheel applies tension to the second 
pull cable. The linear actuator comprises a slider 
mounted in said housing and means exterior of the 
housing for moving the slider linearly. The third and 
fourth pull cables are anchored to the slider such 
that linear movement of the slider in one direction 
applies tension to the third cable and linear move- 
ment of the slider in the opposite direction applies 
tension to the fourth cable. 
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This invention relates to steerable catheters. 
More particularly, this invention relates to a man- 
ually controllable actuator of particular utility in 
controlling a steerable catheter of the type used for 
endocardial catheter recording. 

Field of the Invention 

The clinical role of endocardial catheter record- 
ing is to direct ablation, surgical, and drug ther- 
apies in the treatment of supraventricular tachycar- 
dia, ventricular tachycardia, atrial flutter, atrial fibril- 
lation and other arrhythmias. The success and ad- 
vancement of current therapies is dependent upon 
the development and use of more precise localiza- 
tion techniques which will allow accurate anatomi- 
cal determination of arrhythmogenic sites. Histori- 
cally, the electrophysiologist has had to compro- 
mise between placing the catheter in the place of 
clinical interest and areas which are anatomically 
accessible. 

Prior art catheter placement has been restrict- 
ed generally to areas which can be repeatedly 
acc ssed by the electrophysiologist. These areas 
include the HRA (high right atrium), the RVA (right 
ventricular apex), the coronary sinus and the HIS 
bundle. To obtain meaningful information about ar- 
rhythmogenic sites and reentry circuits with cath- 
eters it is imperative that the range of reproducible 
catheter placement sites be expanded and the 
number of electrograms recorded over a given area 
b increased. Some of these additional sites in- 
clude atrial sites above the tricuspid and mitral 
valves, ventricular sites circumferential to the mitral 
and tricuspid valve leaflets, distal areas of the 
coronary sinus and great cardiac vein, the AV 
nodal area and the left ventricle, to name a few. 

One area of advancement in improving local- 
ization techniques and accessing additional record- 
ing sites includes the use of steerable catheters. 
One type of prior art steerable catheter offers im- 
proved maneuverability to specific, otherwise in- 
accessible sites by providing catheters shaped 
specifically to access a particular site. Although 
perhaps useful for some less inaccessible sites, the 
use of this type of catheter is limited, not very 
practical, and not helpful in reaching sites requiring 
active articulation during placement. Three such 
preshaped catheters are described in U.S. Patents 
Nos. 3,503,385 issued to Stevens, 3,729,008 issued 
to Berkovits, and 4,860,769 issued to Forgerty. 

Another type of prior art steerable catheter 
att mpts to improve placement maneuverability by 
providing catheters having deflecting tips. These 
catheters include a soft and flexible distal portion of 
a certain length attached to a proximal shaft made 
from a sttffer material. The tip may be selectively 
deflected but only in a prescribed arc, i.e., the tip 



bends in one planar direction. Examples of deflect- 
ing tip cathet rs are described in U.S. Patents Nos. 
4,920,980 issu d to Jackowski, 4,960,41 1 issu d to 
Buchbinder, and 4,960,1 34 issued to Webster. 
5 The main disadvantage of the above-described 

preformed and deflecting tip type catheters is that 
the tip of the catheter in each case may be steered 
only in a prescribed manner which cannot be al- 
tered during its placement. This restriction of steer- 
io ing of these types of prior art catheters limits their 
effectiveness in reaching many of the desired re- 
cording sites. 

Many of the desired sites require that the cath- 
eter traverse paths having many sharp bends and 
75 be able to negotiate multiple changes of direction 
through any or all of the three perpendicular planes 
of movement. Four-way steerable catheters have 
been developed in an attempt to provide a catheter 
with the above-described multi-planar maneuver- 
20 ability. As examples, such four-way steerable cath- 
eters are described in U.S. Patents Nos. 3,470,876 
issued to Barchilon, and 4,921,482, 4,998,916 and 
5,037,391 issued to Hammerslag. 

U.S. Patent Application Serial No. 07/987,750 
25 entitled Catheter With Independent Proximal and 
Distal Control filed on December 4, 1992. in the 
name of Debbie Stevens-Wright discloses and 
claims a catheter capable of bending proximal and 
distal sections of the catheter tip assembly by 
30 applying tension selectively to four pull cables. The 
actuator mechanism for the pull cables is sup- 
ported in a handle which is manipulated by the 
physician to control the bending of the tip assem- 
bly. The handle requires separate controls for 
35 proximal and distal bending, respectively, and 
these controls should be easily distinguishable by 
the surgeon during use. As is customary, the entire 
handle may be rotated during use to apply a tor- 
quing force to the catheter; therefore, the individual 
40 controls should be easily accessible and recogniz- 
able when the handle is rotated. All required ma- 
nipulations should be consistent regardless of the 
position of the handle or its placement. 

Preferably, both steering controls should be 
45 actuable without requiring substantial hand move- 
ment and the handle should provide for near si- 
multaneous actuation of both proximal and distal 
steering, if desired. 

The handle must be able to meet all appro- 
so priate environmental and sterility requirements like- 
ly to be encountered. Preferably, it provides a 
mechanical advantage. The handle should be able 
to hold the tip assembly in a bent or deflected 
condition until the physician actively changes de- 
55 flection. The mechanism should be able to com- 
pensate for stretching of the pull cables likely to be 
encountered during normal use. 
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Typically, a four-way steerable catheter op- 
erates in two perp ndicular planes of dir ction, with 
two control cables op rating the tip in each plane 
of movement. One of the problems associated with 
these prior art bi-planar steering catheters resides 
in the steering actuator. The four cables extend 
back through lumens in the catheter to the handle. 
The prior art devices show that each cable pair 
may be manipulated using a variety of mechanical 
actuators such as slide levers, gear trains, or a 
single thumb wheel pulley, each being operated 
manually or using a motor. For the most part, these 
actuators function, but they are expensive to manu- 
facture and difficult or cumbersome to use. 

Objections Of The Invention 

One of the objects of the present invention is 
to provide an improved endocardial catheter. 

Another object of the invention is to provide a 
steerable catheter which overcomes and/or alle- 
viates the problems of the prior art. 

Still another object of the invention is to pro- 
vide a steerable catheter which can negotiate paths 
traversing a multi-planar space with relative ease. 

Yet another object of the invention is to provide 
a steerable catheter which can be easily and ac- 
curately operated by suitable handle controls. 

One of the objects of the present invention is 
to provide an improved handle/actuator for use with 
a steerable catheter wherein the handle includes at 
least two independent actuator mechanisms. 

A more specific object of the invention is to 
provide a handle/actuator for a steerable catheter 
which satisfies the above mentioned criteria. 

A still more specific object of the invention is to 
provide an improved handle/actuator for use with a 
steerable catheter having independent proximal 
and distal control of its tip assembly and which is 
of a particular utility for endocardial catheter re- 
cording. 

A still further object is to provide a han- 
dle/actuator capable of applying tension selectively 
to two to four pull cables, which is easy to use and 
relatively inexpensive to manufacture. 

Summary Of The Invention 

According to the invention, a steerable catheter 
comprises an elongated flexible shaft and a flexible 
tip assembly connected to the distal end of the 
shaft. The tip assembly comprises a distal section 
and a proximal section coaxial with the shaft. The 
proximal and distal sections can be separately bent 
to provide distal and proximal bending of the cath- 
eter. The stiffness and length of the distal and 
proximal sections may b selected to provide in- 
dependent proximal and distal bending and a pre- 



determined curve configuration of the tip assembly 
when the distal s ction and/or proximal section is 
bent. 

A handle/actuator for use with a steerable cath- 

5 eter having a tip assembly and at least two pull 
cables for bending said tip assembly comprises a 
housing having a longitudinal slider for applying 
tension to at least one of the cables. In the pre- 
ferred embodiment, a rotatable . thumb wheel ap- 

10 plies tension to at least a second of the cables, a 
pair of pull cables being attached to the thumb 
wheel and a pair of pull cables being attached to 
the slider. By manipulating the thumb wheel and 
slider, a physician can selectively apply tension to 

is any one of the four pull cables to enable four way 
control of the catheter tip assembly. By virtue of 
the difference in the type of control (rotary versus 
sliding), the physician knows immediately, regard- 
less of the handle position, which of the four cables 

20 is being pulled by the respective actuators. This in 
turn advises him/her as to how the catheter is 
being steered by the two controls. 

In the preferred embodiment, an indication is 
provided when the thumb wheel and slider are in 

25 neutral positions, i.e., when the tension applied to 
the pull cables of either actuator is the same. 

Brief Description of the Drawings 

30 Rg. 1 is a perspective view of a multi-jointed 
steerable catheter according to the invention; 
Fig. 2 is a diagrammatic perspective view of a 
tip assembly of the catheter showing proximal 
and distal bending in horizontal and vertical 

35 planes; 

Fig. 3 is a longitudinal section along the line 3-3 
of Fig. 1; 

Figs. 4-8 are transverse sections along lines 4-4 
through 8-8 of Fig. 3; 
40 Figs. 9-10 are perspective views showing one 
way of anchoring a cable within the tip assem- 
bly; 

Figs. 11 and 12 are perspective views showing a 
second way of anchoring a cable within the tip 
45 assembly; 

Figs. 13a, b and c are diagrammatic illustrations 
showing proximal bending movement of the tip 
assembly; 

Figs. 13d, e and f are diagrammatic illustrations 
so showing distal bending movement of the tip 
assembly; 

Figure 14 is an exploded perspective view of a 
handle/actuator in accordance with a preferred 
embodiment of the invention; 
55 Figure 15 is an exploded perspective view of the 
left section of the handle/actuator also showing a 
portion of the diff rent actuator mechanisms; 
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Figure 16 is a top plan vi w partially in section 
of th assembled handle/actuator; 
Figure 17 is a sectional view along the lines 17- 
17 of Figure 16; 

Figure 18 is a left side plan view of the han- 
dle/actuator; 

Figure 19 is a sectional view along the line 19- 

19 of Figure 18; 

Figure 20 is a sectional view along the line 20- 

20 of Figure 17; 

Figure 21 is a sectional view along the line 21- 

21 of Figure 17; and 

Figure 22 is a sectional view along the line 22- 

22 of Figure 17. 

Detailed Description of the Preferred Embodi- 
ment 

A steerable electrode catheter and an asso- 
ciated handle/actuator in accordance with a pre- 
ferred embodiment of the invention comprise an 
elongated flexible shaft 10, the handle/actuator 12 
and a tip assembly 14 (Fig. 1). As described below, 
the user manipulates the tip assembly 14 by 
means of the handle/actuator 12 and control cables 
which pass through the shaft 10. 

The tip assembly 14 comprises a tubular proxi- 
mal section 15 and a tubular distal section 16 
aligned coaxially with the shaft 10 and of approxi- 
mately the same outer diameter. The distal end of 
the catheter terminates in an electrode cap 17 
which is also coaxially aligned with the shaft 10 
and sections 15 and 16. A threaded collar 19 is 
secured to the distal end of distal section 16 to 
retain the electrode cap 17 as described further 
below. 

Shaft 10 includes a core 18 (Fig. 3) having a 
single lumen 20 which extends the length of the 
shaft from the distal end of the handle/actuator 12. 
As described in greater detail below, the single- 
lumen 20 holds four pull cables 32a, b, c and d 
and four electrode signal wires 34. The core 18 is 
enclosed in a flexible outer protective sheath 22. 
The core 18 with its outer protective sheath 22 has 
a predetermined degree of rigidity which depends 
on the intended use of the catheter. 

The steerable electrode catheter assembly 
may be viewed as including mechanical and elec- 
trical sub-assemblies. The mechanical sub-assem- 
bly is a remote steering system which includes the 
handle/actuator 12 connected to the four pull ca- 
bles 32a, 32b, 32c and 32d which run the length of 
shaft 10 within lumen 20 of core 18. The distal 
ends of the pull cables 32 are connected to various 
points of the tip assembly 14 as described below. 
The pull cables 32 translate handle actuator ma- 
nipulation . by the working electrophysiologist 
through the length of the shaft 10 into single or 



multi-planar, proximal and/or distal bending move- 
m nt of the tip assembly 14 as described b low. 
Each pull cable 32 preferably includes a sheath 33 
(shown only in Figs. 9-12). 
5 The electrical portion of the steerable electrode 

catheter assembly includes three spaced ring-type 
electrodes 26 along with electrode cap 17. The 
electrodes provide signal information on heart po- 
tentials to remote recording equipment (not shown) 
w used by the electrophysiologist. The ring-type elec- 
trode contacts 26 and the electrode cap 17 are 
electrically connected to respective signal wires 34. 
The signal wires 34 are routed through the length 
of core 18 through lumen 20, as illustrated in Figs. 
75 3 and 4. The signal wires 34 are preferably elec- 
trically insulated from each other and therefore 
may all share a single lumen as shown in Figs. 4-8. 
The signal wires 34 extend proximally through the 
handle/actuator 12 to a connector 35 which enables 
20 the electrodes 26 and 17 to be easily coupled 
electrically to the recording equipment (not shown). 

In the illustrated embodiment, two pull cables 
32a and 32c (referred to in this description as a 
horizontal pull-cable pair) are used to control bend- 
25 ing of the proximal section 15 within a horizontal 
plane of orientation as shown diagrammatically in 
Fig. 2. The other two pull cables 32b and 32c 
(referred to in this description as a vertical pull- 
cable pair) are used to control bending of the distal 
30 section 16 within a vertical plane of orientation. 
Thus, left-right proximal bending and/or up-down 
distal bending of the tip assembly are possible. 

Although the illustrated catheter provides per- 
pendicular planes of proximal and distal movement, 
35 the relative orientation between these two planes 
may vary with different catheter applications and 
desired tip-shapes and the two planes may form 
angles between zero degrees and one hundred 
eighty degrees. By varying the angle of intersec- 
40 tion between the two planes, one catheter tip ar- 
rangement, for example a two-dimensional arrange- 
ment (where both planes are coplanar), may be 
bent into a specific shape (such as a spiral) within 
the single plane of movement If the first and 
45 second planes of orientation of the respective 
proximal and distal bending movements intersect at 
ninety degrees (as illustrated in Fig. 2), the result- 
ing catheter tip may be manipulated into several 
two and three-dimensional shapes including a 
50 three-dimensional spiral cone. 

The proximal section 15 includes a central 
lumen 56 (Fig. 5) for passing pull cables 32b and 
32d and all of the signal wires 34 from the lumen 
20 of core 18 to the distal section 16. The proximal 
55 section 15 also includes two proximal cable lumens 
42a and 42c which pass pull cables 32a and 32c 
from the lumen 20 of the core 18 through the 
length of the proximal section 15. Proximal cable 
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lumens 42b and 42d may contain respective stiff- 
ening wires 43b and 43d to reduce axial twisting of 
proximal section 15. The proximal section 15 in- 
cludes reduced diameter ends 44 and 46 so that 
the proximal section 15 may snugly nest into ap- 
propriately cored recesses of the protective sheath 
22 and the distal section 16, respectively. 

Proximal bending is controlled by the pull ca- 
bles 32a and 32c. These two cables extend from 
lumen 20 of core 18 through lumens 42a and 42c 
in proximal section 15 as shown in Fig. 5. Cables 
32a and 32c are attached to each other at the 
distal end 44 of proximal section 14 as described 
below. 

The proximal section 15 is thermally bonded to 
th distal end of the protective sheath 22. The core 
18 is shorter in length than the protective sheath so 
that a transition space 54 is created between the 
distal end of core 18 and the proximal end of the 
proximal section 15. The transition space 54 allows 
th signal wires 34 and the pull cables 32 to be 
radially displaced, as discussed below. 

Referring to Figs. 6, 9 and 10, the pull cables 
32a and 32c are tied to each other to form a knot 
50 across the reduced diameter end 44 of proximal 
section 15. Knot 50 preferably lies within the chan- 
n l-like remains of a proximal cable lumen 42 inter- 
s cting the reduced diameter end 44. As shown in 
Fig 10, strain relief wire 52 is wrapped around both 
the reduced diameter end 44 and the knot 50 to 
anchor the ends of the pull cables 32a and 32c to 
th proximal section 15. The knot 50 and the strain 
relief wire 52 are potted in place using an appro- 
priate potting material (not shown) such as an 
epoxy. When the pull cables 32a and 32c are 
pulled, the strain relief wire 52 helps to distribute a 
portion of the resulting strain, thereby preventing 
the knot 50 from failing. 

In another related embodiment, illustrated in 
Figs. 11 and 12, the pull cables 32a and 32c are 
introduced as a single pull cable. In this embodi- 
ment, the two ends of the pull cable are fed into 
the corresponding proximal cable lumen 42a, 42c 
and then through the main pull cable lumen 20 of 
shaft 10 to the handle actuator. The resulting loop 
of pull cable (shown in Fig. 11) formed at the distal 
end 44 of the proximal section 15 is stripped of its 
sheath, wrapped (coiled) around the reduced diam- 
eter end 44 (Fig. 12). and potted into position. This 
embodiment eliminates the need to knot the pull 
cable ends because the pull cable ends are al- 
ready attached to each other. 

To develop greater bending leverage, the cable 
lumens 42a and 42c through which cables 32a and 
32c pass ar located as clos as possible to the 
circumferenc of th proximal section 15. 

The distai section 16 includes two cable 
lumens 60b and 60d and a central lumen 62 (Fig. 



7). Pull cables 32b and 32d from the central proxi- 
mal section lumen 56 are rout d to th outwardly 
disposed cable lumens 60b and 60d, respectively, 
at a point just past the distal end of the proximal 

5 section 15. 

In the illustrated embodiment, the three ring- 
type electrode contacts 26 are embedded within 
the outside wall portion of the distal section 16. It is 
preferred that these electrode contacts be embed- 

io ded so that the outer surface of each contact 26 is 
flush with the outer wall. These electrode contacts 
26 (and others if used) may be positioned any- 
where along the entire length of the shaft 10 or the 
tip assembly 14. The signal wires 34 which have 

75 been routed from the central proximal section 
lumen 56 into the central lumen 62 of the distal 
section 16 are directed through respective holes 49 
(Fig. 7) to their respective ring-type electrode con- 
tacts 26, and connected thereto in a conventional 

20 manner, i.e., by soldering or welding. 

Collar 19 includes a central lumen 68 and at 
least two outer cable lumens 70b and 70d (Fig. 8). 
The central lumen 68 receives the last remaining 
electrode signal wire 34, while the cable lumens 

25 70b and 70d direct the pull cables 32b and 32d 
distally to their anchoring point. Pull cables 32b 
and 32d are tied to each other at a point just past 
the distal end of the threaded collar 19 to form a 
knot 72. The knot 72 is further secured by applying 

30 an adhesive, such as an ultra-violet activated adhe- 
sive. 

The electrode cap 17 includes a hollow thread- 
ed recess which engages the external threads of 
collar 19. Electrode cap 17 includes a central open- 

35 ing 74 which receives the last remaining signal wire 
34 of this preferred embodiment. The signal wire 
34 may be electrically connected to the electrode 
cap 17 by any conventional method, such as sol- 
dering or welding. 

40 The illustrated catheter provides for both proxi- 
mal and distal bending by pulling selected ones of 
the pull cables 32a, b, c or d. In the illustrated 
embodiment, proximal and distal bending of the 
catheter are essentially independent, i.e., bending 

45 of the distal section 16 does not cause bending of 
proximal section 15 (or shaft 10) and vice versa. 
The bending of either section 15 or 16 is generally 
analogous to the bending of a cantilevered beam in 
the sense that one end of either section (i.e., the 

so proximal end) is fixed while the entire section 
bends as tension is applied to a cable attached to 
the opposite end. To provide this result, it is neces- 
sary that the shaft 10 be stiff r than proximal 
section 15 and that the proximal section 15 be 

55 stiffer than the distal section 16. The extent to 
which the stiffness of these various sections must 
differ to provide independent proximal and distal 
bending can be determined empirically and the 
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example below provides r pres ntative values 
which have been found to work in practic for the 
configuration illustrated. If independent proximal 
and distal bending is not desired, the difference in 
stiffness between the sections is not critical; it is at 
least theoretically possible that the distal section 
could be stiffer than the proximal section. 

In the preferred embodiment, with the materials 
and hardnesses indicated below, tension applied to 
cable 32a or 32c causes the proximal section 15 to 
bend horizontally (he., in and out of the plane of 
the paper) about reduced diameter end 46. Be- 
cause of the hardness differential between the 
proximal section 15 and shaft 10. the shaft 10 does 
not bend significantly. There is no tendency of the 
distal section 16 to bend in this case. 

When tension is applied to one of the cables 
32b or 32d. the distal section 16 is bent in a 
vertical plane (i.e.. in the plane of the paper) about 
the reduced diameter end 44 of proximal section 
15. This vertical bending of the distal section oc- 
curs regardless of the condition of the proximal 
section 15. Again, if the differential in hardness 
between sections 15 and 16 is sufficient, bending 
of distal section 16 will not cause substantial bend- 
ing of either proximal section 15 or shaft 10. 

The radius of curvature of each of the sections 
15 and 16 is, of course, affected by the length of 
the section. Representative values of section 
lengths are also given below. 

Various configurations can be used to locate 
and anchor the pull cables within the shaft and the 
proximal and distal sections of the catheter tip 
assembly. It is preferable to conduct the pull ca- 
bles as close as possible to the outer circum- 
ference of the section controlled by the cables in 
order to increase the bending moment. For this . 
reason, the controlling push pull cables for both the 
proximal and distal sections are directed to outer 
lumens, i.e.. lumens 42a. 42c and lumens 60b, 60d. 
The illustrated construction has been found to be 
an optimal arrangement from the points of view of 
manufacturing ease and function. Other arrange- 
ments, however, can also be used. For example, 
the pull cables can be conducted through the 
proximal and distal sections exclusively through 
outer lumens. The wires 34 may be conducted 
through separate lumens, including a single des- 
ignated outer lumen. The cables and wires also can 
be conducted along channels which can be closed 
by an appropriate covering. It is contemplated that 
the various tubular sections, including the core and 
the proximal and distal sections will be extruded. 

The following portion of this specification states 
preferred materials, dimensions and hardness char- 
acteristics for the structure illustrated in Figs. 1 and 
3-8. 



Shaft 10 may be an extruded polyether block 
amide of the type sold by Atochem North Am rica, 
Inc. under the trademark PEBAX (hardness 72-63 
Shore D). A typical length is about 110-120 cm 
with an outer diameter of .092 inch (7 French). The 
sheath 22 may comprise the same material with an 
embedded stainless steel braid to enhance stiff- 
ness. 

The proximal section 15 may also be an ex- 
trusion of PEBAX elastomer (hardness 55 Shore 
D). Alternatively, it may be made of PELLETHANE 
urethane elastomer supplied by Dow Chemical 
Company. 

The length of the proximal section 15 may be 
i.5 - 8.0 cm with the reduced diameter ends 44 
and 46 each extending an additional 4mm. The 
outer diameter of section 15 may be .092 inch with 
the ends 44 and 46 ground down to a diameter of 
about .067 inches. The stiffening wires 43b and 
20 43d may be .009 inch copper wire. 

The distal section 16, also an extrusion, may 
be made of PELLETHANE elastomer (hardness 90 
Shore A). Its length may be 2.0 - 8.0 cm. 

The cables 32a, b, c and d may each comprise 
25 a multiplicity of ultra-high molecular weight polyeth- 
ylene filaments, each forming a bundle with a di- 
ameter in the range of .003 - .004 inches. Sheath 
33 may be made of polytetrafluoroethylene 
(TEFLON brand) with an outer diameter of .014 
30 inch and an inner diameter of .010 inch. 

Collar 19 may be a polycarbonate or ABS 
plastic. It may be bonded to the distal section 16 
by an adhesive or by thermal bonding. 

The electrodes 17 and 26 may be made of any 
35 appropriate electrode contact metal, such as plati- 
num. 

Catheter Assembly 

40 To assemble the catheter, the wires 34 are 
welded to the electrodes 26. The distal end of the 
distal section 16 is tapered and the proximal end of 
the distal section 16 is cored to a diameter of 0.67 
inch. The holes 49 for wires 34 are formed in the 
45 distal section 16 and the section pulled to reduce 
its diameter so the electrodes rings can be slid into 
position and the wires 34 threaded through the 
holes. The tapered end is then cut to length and 
cored to a diameter of 0.67 inch, 
so Both ends of the proximal section 15 are 
ground to a diameter of 0.67 inch. The shaft 10 is 
then cored to a diameter of 0.67 inch and out to 
length. Proximal section 15 is then inserted into the 
cored end of shaft 10 and thermally welded. 
55 The cables 32 are conditioned to rid them of 

"creep" and stretch. This is done by cyclically 
loading the cables by the application of a specified 
tensile force. The cables 32 are then threaded 
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through their r spective lumens in the shaft 10 and 
sections 15 and 16. 

Cables 32a and 32c are anchored ais describ d 
above to reduced diameter end 44 of proximal 
section 15. The distal section 16 is then secured to 
the proximal section 15, also by thermal welding. 

The cables 32 are threaded through and se- 
cured to collar 19. One of the wires 34 is welded to 
the electrode cap 17. The wire is then threaded 
into the catheter and the electrode cap 17 screwed 
onto the collar 19. The electrode cap 17 and the 
collar 19 are then inserted into the distal section 
16. 

A ring of adhesive is applied around the edges 
of the electrodes to provide smooth transitions at 
the electrodes and to seal the electrodes. The 
assembled catheter with the electrical wires 34 and 
pull cables 32a, b, c and d extending from its 
proximal end may then be attached to the han- 
dl /actuator 12 which is described in the following 
s ction of the specification. 

The Handle/Actuator 

The handle/actuator 12 applies tension selec- 
tively^ one of the four pull cables 32a t b, c and d 
and also routes the electrical wires 34 to the appro- 
priate instruments. The handle requires separate 
controls for the proximal and distal bending, re- 
spectively, and these controls should be easily 
distinguishable by the surgeon during use. As is 
customary, the entire handle may be rotated during 
use to apply a torquing force to the catheter; there- 
fore, the individual controls should be easily acces- 
sible when the handle is rotated. All required ma- 
nipulations should be consistent regardless of the 
position of the handle or its placement. 

Preferably, both steering controls should be 
actuable without requiring substantial hand move- 
ments and the handle should provide for near si- 
multaneous actuation of both proximal and distal 
steering. 

The handle must be able to meet all appro- 
priate environmental and sterility requirements like- 
ly to be encountered. Preferably, it provides a 
mechanical advantage. The handle should be able 
to hold the tip assembly in a bent or deflected 
condition until the surgeon actively changes deflec- 
tion. The mechanism should be able to compen- 
sate for stretching of the pull cables likely to be 
encountered during normal use. 

A handle/actuator assembly in accordance with 
the preferred embodiments of the invention, is 
shown in Figs. 14-21.. The handle configuration 
shown in these drawings uses rotational movement 
to control selectively the tension applied to the 
horizontal pull cables 32a and 32c, and linear 
movement to control selectiv ly the tension applied 



to the vertical pull cables 32b and 32d. 

Referring to Figs. 14-21, the handle/actuator 12 
comprises a housing having a left s ction 80L and 
a right section 80R. In accordance with the pre- 
5 ferred embodiment of the invention, these two sec- 
tions 80L and 80R are somewhat semicircular in 
cross section (Figs. 20-22) and have fiat connecting 
surfaces 82L and 82R which may be secured to 
each other along a common plane to form a com- 
70 plete housing for handle/actuator 12. The outer 
surfaces 83L and 83R of the handle/actuator i2 are 
contoured to be comfortably held by the user. 

A wheel cavity 84 is formed within the right 
section 80R of the handle/actuator 12. The wheej 
is cavity 84 includes a planar rear surface 86 which is 
generally parallel to the flat surface 82R and an 
arcuate wall section 88 which extends perpendicu- 
larly between the planar rear surface 86 and the 
flat surface 82R. The wall section 88 terminates at 
20 the intersection of the adjacent outer surface 83 of 
the right handle section 80R and provides a wheel 
access opening 90R. The wheel cavity 84 also 
includes a central shaft 87 which protrudes per- 
pendicularly from the planar rear surface 86 and 
25 extends toward the left section 80L to function as a 
support for a thumb wheel 92. 

The thumb wheel 92 is a generally circular disc 
having a central bore 94, an integrally formed pul- 
ley 96, and upper and lower cable anchors 98. The 
30 thumb wheel 92 is positioned about the shaft 87 so 
that it may rotate freely within the wheel cavity 84. 
The pulley 96 of the thumb wheel 92 is centrally 
formed about the central bore 94 and operates 
within a pulley plane which is parallel to the planar 
35 rear surface 86. A peripheral edge surface 100 of 
the thumb wheel 92 protrudes from the wheel ac- 
cess opening 90 so that the thumb wheel 92 may 
be rotated by the thumb of the operator's hand 
which is used to grip the handle 12. To ensure a 
40 positive grip between the thumb wheel 92 and the 
user's thumb, the peripheral edge surface 100 of 
the thumb wheel 92 is preferably serrated, or other- 
wise roughened. Different serrations on opposite 
halves of thumb wheel 92 enable the user to "feel" 
45 the position of the thumb wheel. 

The thumb wheel 92 includes an indicator of a 
neutral position wherein, for example, the two pull 
cables 32a, 32c which are connected to the thumb 
wheel 92 are both equally tensiohed and the cor- 
50 responding section of the tip assembly 14 is in its 
relaxed position. A neutral position indicator is pro- 
vided using a positive detent engagement between 
the thumb wheel 92 and a portion of the housing 
12. A detent spring 102 is provided within a spring 
55 recess 104 formed in the planar rear surface .86 of 
the whe I cavity 84. A contact portion of the detent 
spring 102 projects into frictional contact with th 
adjacent side surface of the thumb wheel 92. A 
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det nt 108 is formed within th side surface 106 of 
the thumb wheel 92 so that in the neutral position 
of thumb wheel 92 the detent 108 receives th 
contact portion of the detent spring 102 resulting in 
a point of high-friction which provides an indication 
of the neutral position of the thumb wheel 92. 

A cover plate 110 is attached to the flat con- 
necting surface 82R of the right handle section 
retaining the thumb wheel 92 in its mounted posi- 
tion on the central shaft 87 and within the wheel 
cavity 84. The cover plate 110 is preferably made 
from a rigid material such as metal or hard plastic. 
The cover plate 110 includes an opening 112 to 
rec ive the central shaft 87. An O-ring 114 is 
positioned between the cover plate 110 and the 
thumb wheel 92. The cover plate 110 is attached to 
th right handle section 80R at a proximal secured 
end 116 by a bolt or screw 117 so that a controlled 
amount of friction resistance is imparted to the 
thumb wheel 92 by compressing the O-ring 114. 
Such a rotational resistance is used to maintain the 
thumb wheel 92 in a particular angular position and 
therefore also maintain a particular bend at the tip 
assembly 14. 

The distal end 118 of the cover plate 110 
includes two openings 120 to receive two cor- 
responding alignment dowels 122 extending from 
section 80R. The alignment dowels 122 are se- 
cured to a cable guide 124 which, in turn, is 
attached to the flat surface 82R. The dowels 122 
are preferably press-fit into the two openings 120. 

The cable guide 124 is used to divert the pull 
cables 32a and 32c from the core 10 to the plane 
of pulley 96 as described below. The cable guide 
124 has a smooth curved forward surface 125 
which prevents contact trauma to the delicate pull 
cables as they are diverted. 

A gap 126 is provided between the cable guide 
124 and the end 118 of the cover plate 110. The 
gap 126 is sized to receive the two pull cables 32a 
and 32c and lies within the above-mentioned plane 
of pulley 96. The pulley plane is a prescribed 
distance from the flat connecting surface 82R of 
the right handle section 80R. 

A distal opening 128 is provided within the 
distal end of the handle/actuator 12 and is centered 
along the longitudinal axis of the device (the forma- 
tion of the forward opening 128 is shared between 
the right and left sections 80R and 80L). The 
forward opening 128 is adapted to snugly receive 
shaft 10 which is secured within the opening 128 
by an appropriate adhesive. A strain relief element 
129 is retained within complementary cavities (not 
numbered) of sections 80R and 80L A proximal 
opening 132 centered on the longitudinal axis is 
also split betwe n the right and left handle sections 
80Rand80L 



The proximal opening 132 is adapted to snugly 
receiv an electrical conduit 134 (se Fig. 1) which 
routes the four lectrode signal wires 34 1 connec- 
tor 35 so that the electrodes can be coupled to the 
5 monitoring equipment. A conventional strain relief 
element 133 is supported within a complementary 
recess 137 formed in both sections 80R and 80L to 
reduce the likelihood of damage to the electrode 
wires caused by bending of the wires. 
to The sections 80R and 80L contain respective 
channels 136R and 136L to enable the four pull 
wires 32 to be anchored at their proper positions 
within the handle and also to enable the four elec- 
trode wires 34 to pass through the entire channel. 
T5 As shown in Figs. 14 and 15, channel 136R ex- 
tends the entire length of section 80R whereas 
channel 136L is formed essentially only in the 
distal half of the section 80L. When the sections 
80R and 80L are assembled, the channels 136R 
20 and 136L provide the necessary space for the 
operating mechanism of the handle. The channels 
also enable the pull wires 32 to be passed to the 
appropriate actuator mechanisms and the electrode 
wires 34 to be passed to the connector 35. 
25 Channels 136R and 136L are formed (prefer- 

ably integrally) within the right and the left sections 
80R, 80L, respectively, of the handle/actuator 12. 
When the right and left handle sections are assem- 
bled, the resulting complete channel 136 connects 
30 the distal opening 128 to the proximal opening 132. 
The channels 136R, 136L are not necessarily 
formed along the longitudinal axis 81, but may be 
routed to avoid other elements mounted between 
the two handle sections 80R and 80L. 
35 The proximal end of the tubular shaft 10 termi- 

nates near the distal end of the handle/actuator 12 
so that the four electrode signal wires 34 and the 
four pull wires 32 may be distributed as necessary. 
The four electrode signal wires 34 are routed 
40 through the channel 136 and are electrically con- 
nected to the appropriate signal/recorder wires 135 
of the electrical conduit 134. 

The pull cables are separated into horizontal 
and vertical pull cable pairs 32a, 32c and 32b. 32d, 
45 respectively. Pull cables 32a and 32c are posi- 
tioned within the gap 126 between the cable guide 
124 and cable plate 110, and also between the two 
alignment dowels 122. The two pull cables 32a and 
32c which control proximal bending of proximal 
50 section 15 are connected to the cable anchors 98. 
The cable anchors 98 are conventional bolt-type 
arrangements. The cables are wrapped around the 
anchors and potted into place using an UV adhe- 
sive. One pull cable 32a, which is connected to the 
55 upper cable anchor 98, is positioned within the 
groove of the pulley 96 so that it rides over the 
pulley 96 and contacts the upper of. the two align- 
ment dowels 122 when pulled taut. The other pull 
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cable 32c is connected to the lower cable anchor 
98 and is positioned within the pulley groove so 
that it rides below the pulley 96 and contacts the 
lower alignment dowel 122 when taut. 

The left section 80L of the handle/actuator 12 
includes a substantially hollow interior cavity which 
is shaped to cover the above-described elements. 
The left section 80L supports part of the mecha- 
nism* for selectively tensioning each of the two 
vertical pull cables 32b and 32d. 

To accommodate the protruding portion of the 
thumb wheel 92, the left handle section 80L in- 
cludes a wheel access opening 90L similar in 
shape to the wheel access opening 90R of the right 
handle section 80R. It also includes an elongated 
slot 138 in its side surface. 

A slider 140 is provided with a neck portion 
142 which fits snugly within the slot 138. The slider 
140 includes an upper edge 144, a forward cable 
anchor 146, a rear cable anchor 148, and a friction 
pad 150. A slider grip 152 is attached to the neck 
portion 142 of the slider 140 and positioned exter- 
nally'of the handle/actuator 12. The slider grip 152 
is preferably ergonometrically. shaped to be com- 
fortably controlled by the user. Preload pads 154 
are positioned between the outer surface 83L of the 
left handle section 80L and the slider grip 152. The 
friction pad 150 functions to provide constant fric- 
tion during sliding movement of the slider 140 and 
the slider grip 152 so that any desired position is 
maintained until the friction of the friction pad 150 
is overcome, e.g.. by physically repositioning the 
slider grip 152. 

A dust seal 156 (Figs. 15 and 17-19) having an 
elongated slit 158 and preferably made from latex 
is bonded along the slot 138 within the left handle 
section 80L. The heck portion 142 of the slider 140 
protrudes through the slit 158 of the dust seal 156 
so that the slit only separates adjacent to the neck 
portion 142. Otherwise, the slit 158 remains 
"closed" and functions as an effective barrier pre- 
venting dust, hair and other contaminants from 
entering the actuator/handle 12. 

The left handle section 80L includes a slider 
chamber 160 (Figs. 20-22) which aligns with and is 
centered about the slot 138. The slider chamber 
160 receives the slider 140 and includes an upper 
contact surface 162 and a friction surface 163. As 
the slider 140 moves between its stop positions 
within the slider chamber 160, the upper edge 144 
contacts the upper contact surface 162. A center 
pin 164 is affixed along the upper contact surface 
162. The center pin 164 is parallel to the central 
shaft 87 and is adapted to engage a detent 166 
(Fig. 14) in the upper edge 144 of the slider 140. At 
a prescribed point between the stop positions, the 
detent will engage the center pin 164 and thus 
indicate a neutral sliding position for the. vertical 



pull cable pair. Also, as the slider 140 moves within 
the slider chamber 160, the friction pad 150 of the 
slider 140 contacts the friction surface 163 of the 
slider chamber 160 and generates resistance to the 
s movement of the slider 140. This resistance further 
helps maintain a desired position of the slider 140 
against the tension force of a taut pull cable 32b or 
32d. 

The two pull cables 32b and 32d of the vertical 
70 pull cable pair are attached to the two cable an- 
chors 146, 148 of the slider 140. Pull Gable 32b is 
directly attached to the forward cable anchor 146 
and becomes taut when the slider grip 152 (and 
the slider 140) is moved along the longitudinal axis 
15 81 towards the proximal end of the handle/actuator 
12. The other pull cable 32d is guided by a return 
pulley 168 prior to being attached to the rear cable 
anchor 148. The return pulley 168 is attached to a 
pulley axle 170 which is supported in a bore (not 
20 shown) in the flat surface 82R of the right handle 
section 80R and a bore in a pulley cover 174, as 
shown in Fig. 14. The pulley cover 174 is either 
formed integrally with the right handle section 80R 
or otherwise attached to the flat surface 82R at a 
25 position which is behind the slider 140 and along 
the longitudinal axis 81 R. 

The groove (not shown) of the return pulley 
168 lies in a return pulley plane which is parallel to 
the previously described pulley plane of pulley 96 
30 but lies further from the flat surface 82R than does 
the pulley plane of pulley 96. The return pulley 
plane is in alignment with the rear cable anchor 
148 of the slider 140. 

The handle/actuator in accordance with the 
as preferred embodiment of the invention has been 
described for use with a steerable catheter having 
independent proximal and distal bending. White the 
invention is of particular utility with such a catheter, 
a handle/actuator according to the invention would 
4o also have utility with a four-way steerable catheter 
(for example) wherein the same section of the 
catheter can be deflected in different planes. It is 
even conceivable that the principals of the inven- 
tion may have utility in controlling bending of one 
45 section in one plane wherein one pull cable would 
be connected to a slider or thumb wheel and the 
other pull cable connected to a slider or thumb 
wheel. This would enable the physician to distin- 
guish tactily between the two pull cables, 
so In the preferred embodiment, the left and right 
handle sections 80R and 80L, the thumb wheel 92 
and the siide grip 152 are made of polyurethane. 
polycarbonate, or ABS plastic. The return pulley 
168. the slider 140, and the cable guide 124 are 
55 made from natural derlin plastic. The pulley cover 
174 is made from ABS plastic. The detent spring 
102. the cable anchors 98, 146 and 148 are made 
from stainless steel. The lip seal 156 is made from 
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latex plastic. The pr load pad 154 is made from a 
medium silicone sponge of the type manufactured 
by CHR Industries of New Haven, CT. (Part No. 
200A), laminated to a contact surface made from 
UHMW polyethylene tape available from 
McMaster-Carr. (Part No. 76445A14). The friction 
pad 150 is made from silicone cord stock having a 
durometer value of 60 and available from Greene 
Rubber Co. 

Claims 

1. A steerable catheter comprising: 

an elongated flexible tube having a first 
section and a second section; 

means for bending said first section of 
said elongated flexible tube; and 

means for bending said second section of 
said elongated flexible tube, said second sec- 
tion being displaced axially from said first sec- 
tion, said first section bending means operat- 
ing substantially independently of said second 
section bending means. 

2. A steerable catheter according to claim 1, 
wherein said first and second sections are bent 
in different planes. 

3. A steerable catheter comprising: 

an elongated flexible shaft having a lumen 
running the length of the shaft, and a flexible 
tip assembly connected to the distal end of 
said shaft, said tip having a first section and a 
second section, each of said first and second 
sections having a distal end; 

at least two pull cables passing through 
said lumen of said shaft to said tip assembly; 

means for anchoring a first pull cable at a 
first location along said tip assembly so that 
tension applied to said first cable will cause 
said first section of said flexible tip assembly 
to bend within a first plane; and 

means for anchoring a second pull cable 
at a second location along said tip assembly 
axially displaced from said first location so that 
tension applied to said second cable will cause 
said second section of said tip assembly dis- 
placed axially from said first section to bend 
within a second plane. 

4. A steerable catheter according to claim 3, 
wherein said first plane and said second plane 
are one of: coplanar, perpindicular, and not 
coplanar. 

5. A steerable catheter according to claim 3, 
wherein a first pair of pull cables are anchored 
in said tip assembly at said first location so 



that t nsion applied to one of said first pair of 
pull cables bends said first s ction in a first 
direction and tension applied to the other of 
said first pair of pull cables bends said first 

5 section in a direction opposite said first direc- 

tion, and wherein a second pair of pull cables 
are anchored in said tip assembly at said sec- 
ond location so that tension applied to one of 
said second pair of pull cables bends said 

io second section in a first direction and tension 

applied to the other of said second pair of pull 
cables bends said section in a direction op- 
posite said first direction. 

is 6. A steerable catheter according to claim 3. 
wherein a first pair of pull cables are anchored 
in said tip assembly at said second location so 
that tension applied to one of said first pair of 
pull cables bends said second section in a first 

20 direction and tension applied to the other of 

said first pair of pull cables bends said second 
section in a direction opposite said first direc- 
tion. 

25 7. A steerable catheter, comprising: 

an elongated flexible shaft having a distal 

end; 

a flexible tip assembly connected to the 
distal end of said shaft, said tip assembly 
30 comprising at least a tubular distal section and 

a tubular proximal section coaxial with said 
shaft; 

means for bending said proximal section 
substantially independently of said shaft; and 
35 means for bending said distal section sub- 

stantially independently of said proximal sec- 
tion and said shaft. 

a A steerable catheter according to claim 7, 
40 wherein the stiffness and length of each of said 

distal and proximal sections are selected to 
provide a predetermined curve configuration of 
said tip assembly when said distal section or 
proximal section is bent. 

45 

9. A steerable catheter according to claim 8, 
wherein said shaft is sufficiently stiffer than 
said proximal section that the shift does not 
bend substantially when said proximal section 
so is bent, and wherein said proximal section is 

sufficiently stiffer than said distal section so 
that the proximal section does not bend sub- 
stantially when said distal section is bent. 

55 10. A steerable catheter according to claim 8, 
wherein each of said means for bending bends 
said tip assembly in at least two opposite 
directions. 
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11. A steerable catheter according to claim 8, 
wherein said means for bending said proximal 
section b nds said proximal s ction in a first 
plane and said means for bending said distal 
section bends said distal section in a second 
plane different from said first plane. 

*• 

12. A steerable catheter according to claim 11, 
wherein said first and second planes form an 
angle between them of approximately ninety 
degrees. 

13. A steerable catheter according to claim 5, 
wherein said first and second sections each 
includes a central lumen and at least two outer 
lumens, and wherein said first pair of pull ca- 
bles is positioned in respective outer lumens of 
said first section and said second pair of pull 
cables is positioned in respective outer lumens 
of said second section, wherein said first pair 
of pull cables is anchored at the distal end of 
said first section and said second pair of pull 
cables is anchored at the distal end of said 
second section. 

=? 

14. A steerable electrocardial catheter, comprising: 

an elongated flexible shaft having a core, 
said core having a distal end; 

a flexible tip assembly connected to the 
distal end of said core, said tip assembly com- 
prising at least a tubular distal section and a 
tubular proximal section coaxial with said core, 
the stiffness of each of said shaft and said 
distal and proximal sections being selected to 
provide substantially independent bending of 
said distal section and/or proximal section; 

at least one electrode mounted on said tip 
assembly; 

a first pair of pull cables extending through 
said catheter and anchored in said tip assem- 
bly for bending said proximal section in a 
predetermined plane; and 

a second pair of pull cables extending 
through said catheter and anchored in said tip 
assembly for bending said distal seiction in a 
predetermined plane. 

15. A steerable electrocardial catheter according to 
claim 14, wherein said predetermined planes 
are different. 

16. A steerable electrocardial catheter according to 
claim 14, wherein said distal and proximal sec- 
tions each includes a central lumen and at 
least two outer lumens, each of said central 
lien and outer lumens having a distal end and 
a proximal end, wherein at I ast one electric 
wire is positioned within said central lumens, 



said wire being lectrically connected to said 
lectrod , and wh rein one pair of pull cabl s 
is position d in r sp ctiv outer lumens of said 
proximal section and the other pair of pull 
5 cables is positioned in respective outer lumens 

of said distal section. 

17. A steerable electrocardial catheter according to 
claim 16, wherein said one pair of pull cables 
70 is anchored near the distal end of said proxi- 
mal section and the other pair of said pull 
cables is anchored near the distal end of the 
catheter. 

75 18. A steerable electrocardial catheter according to 
claim 16, wherein said shaft includes a central 
lumen having a distal end and a proximal end 
and wherein all of said cables pass through the 
central lumen of said shaft and wherein the two 

20 cables in the outer lumens of said distal sec- 
tion pass through the central lumen of said 
proximal section, wherein the proximal ends of 
the outer lumens of said proximal section are 
spaced axial ly from the distal end of the cen- 

25 tral lumen of said shaft, and the proximal ends 

of the outer lumens of said distal section are 
spaced axially from the distal end of the cen- 
tral lumen of said proximal section to facilitate 
positioning of the cables in their respective 

30 lumens, and wherein said cables comprise ul- 
tra-high molecular weight polyethylene envel- 
oped by a polyfluoroethylene sheath. 

19. For use with a steerable catheter having a tip 
35 assembly and at least two pull cables for 

bending said tip assembly, a handle/actuator, 
comprising: 
a housing, 

a wheel rotatably supported in said ho us- 

40 ing, 

at least a first of said pull cables being an- 
chored to said wheel such that manual applica- 
tion of a first force to said wheel causes rota- 
tion of said wheel in one direction to apply 

45 tension to said pull cable, at least a portion of 
said wheel being accessible from the exterior 
of said housing so that said wheel can be 
rotated manually, 

a slider slidably mounted in said housing, 

50 at least a second of said pull cables being 
anchored to said slider such that manual ap- 
plication of a second force to said slider 
causes linear movement of said slider in one 
direction relative to said housing to apply ten- 

55 sion to said second cable, and 

means exterior of said housing for moving 
said slider. 



11 



21 



EP 0 605 796 A2 



22 



20. A handle/actuator according to claim 19. in- 
cluding: 

means associated with said wheel for in- 
dicating when said wheel is rotated to a posi- 
tion in which substantially no tension is applied 
to said one cable; 

means associated with said slider for in- 
dicating when said slider is in a position in 
which substantially no tension is supplied to 
said second cable; 

a pulley attached to said wheel, said one 
cable passing over at least a section of said 
pulley; 

means cooperating with said wheel for 
maintaining tension on said one cable when 
said first force is removed from said wheel; 
and 

means cooperating with said slider for 
maintaining tension on said second cable when 
said second force is removed from said slider. 

21. For use with a steerable catheter having a tip 
assembly and at least four pull cables for 
bending said tip assembly, a handle/actuator 
comprising 
a housing, 

a wheel rotatably supported in said hous- 
ing with a portion of said wheel being acces- 
sible from the exterior of said housing so that 
said wheel can be manually rotated by applica- 
tion thereto of a first manual force, first and 
second puH cables being anchored to said 
wheel such that clockwise rotation of said 
wheel applies tension to said first pull cable 
and counter-clockwise rotation of said wheel 
applies tension to said second pull cable, 

a slider mounted in said housing for linear 
movement in response to a second manual 
force, the third and fourth pull cables being 
anchored to said slider such that linear move- 
ment of said slider in one direction applies 
tension to said third cable and longitudinal 
movement of said slider in a direction opposite 
said one direction applies tension to said fourth 
cable. 

22. A handle/actuator according to claim 21 includ- 
ing a pulley mounted for rotation within said 
housing and spaced from said slider, said 
fourth pull cable extending around said pulley, 
said pulley being attached to said wheel, said 
first and second cables passing over at least a 
section of said pulley, said handle/actuator fur- 
ther including means cooperating with said 
wheel for maintaining the angular position of 
said wheel when said first manual force is 
removed from said wheel, and means coop- 
erating with said slider for maintaining the lin- 



ear position of said slider, when said second 
manual force is removed from said slider.. 

23. A handle/actuator according to claim 21. in- 

5 eluding: 

means associated with said wheel for in- 
dicating when said wheel is rotated to a posi- 
tion in which the tension applied to said first 
and second cables is substantially equal, and 

to means associated with said slider for in- 
dicating when the tension applied to said third 
and fourth cables is substantially equal; 

means cooperating with said wheel for 
maintaining the angular position of said wheel 

is when said first manual force is removed from 
said wheel; and 

means cooperating with said slider for 
maintaining the linear position of said slider 
when said second manual force is removed 

20 from said slider. 

24. In combination, a steerable catheter and han- 
dle/actuator comprising: 

an elongated flexible shaft having a lumen 
25 running the length of the shaft, and a flexible 

tip assembly connected to the distal end of 
said shaft; 

at least four pull cables passing through 
said shaft to said tip assembly; 

30 means for securing the distal ends of said 

first and second pull cables at a first location 
along said tip assembly so that tension applied 
to one of said first and second cables will 
cause a first section of said flexible tip assem- 

35 bly to bend; 

means for securing the distal ends of said 
third and fourth pull cables at a second loca- 
tion along said tip assembly axially displaced 
from said first location so that tension applied 

40 to one of said third and fourth cables will 

cause a second section of said tip assembly 
displaced axially from said first section to 
bend; 

a housing connected to the proximal end 
45 of said shaft; 

a wheel rotatably supported in said hous- 
ing with a portion of said wheel being acces- 
sible from the exterior of said housing so that 
said wheel can be manually rotated by applica- 
50 tion thereto of a first manual force, the proxi- 

mal ends of said first and second pull cables 
being anchored to said wheel such that clock- 
wise rotation of said wheel in a first direction 
applies tension to said first pull cable and 
55 counter-clockwise rotation of said wheel ap- 

plies tension to said second pull cable; and 

a slider mounted in said housing and in- 
cluding means exterior of said housing for 
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moving said slider linearly upon application of 
a second linear force, the proximal ends of 
said third and fourth pull cables being an- 
chored to said slider such that linear move- 
ment of said slider in one direction applies 5 
tension to said third cable and linear move- 
ment of said slider in a direction opposite said 
one direction applies tension to said fourth 
cable. 

70 

25. The combination according to claim 24 includ- 
ing a pulley mounted for rotation within said 
housing and spaced from said slider, said 
fourth pull cable extending around said pulley, 
said pulley being attached to said wheel, said /5 
first and second cables passing over at least a 
section of said pulley. 

28. The combination according to claim 24. includ- 
ing means associated with said wheel for in- 20 
dicating when said wheel is rotated to a posi- 
tion in which the tension applied to said first 
and second cables is equal, and means asso- 
ciated with said slider for indicating when said 
slider is positioned linearly such that the ten- 25 
sion applied to said third and fourth cables is 
equal. 

27. The combination according to claim 24, includ- 
ing means cooperating with said wheel for 30 
maintaining the angular position of said wheel 
when said first manual force is removed from 

said wheel, and 

means cooperating with said slider for 
maintaining the linear position of said slider 35 
when said second manual force is removed 
from said slider. 

28. A steerable catheter comprising: 

an elongated flexible tube; «o 
means for bending a first section of said 
elongated flexible tube; 

means for bending a second section of 
said elongated flexible tube, said second sec- 
tion being displaced axially from said first sec- 45 
tion; 

said catheter further comprising a tip as- 
sembly, at least two pull cables for bending 
said tip assembly, and a handle/actuator, said 
handle/actuator further comprising: so 

a housing, 

a wheel rotatably supported in said hous- 
ing, 

at least a first of said pull cables being an- 
chored to said wheel such that manual applica- 55 
tion of a first force to said wheel causes rota- 
tion of said wheel in one direction to apply 
tension to said pull cable, at least a portion of 



said wheel being accessible from the exterior 
of said housing so that said wheel can be 
rotated manually, 

a slider slidably mounted in said housing, 
at least a second of said pull cables being 
anchored to said slider such that manual ap- 
plication of a second force to said slider 
causes linear movement of said slider in one 
direction relative to said housing to apply ten- 
sion to said second cable, and 

means exterior of said housing for moving 
said slider. 
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(57) A steerable electrocardial catheter comprises 
an elongated flexible shaft and a flexible tip assembly 
connected to the distal end of the shaft. The tip assem- 
bly comprises a distal section and a proximal section 
coaxial with the shaft, the stiffness and length of the dis- 
tal and proximal sections being selected to provide a 
predetermined curve configuration of the tip assembly 
when the distal section and/or proximal section is bent 
A first pair of puli cables extending through the catheter 
is anchored at a first point in the tip assembly for bend- 
ing the proximal section in a predetermined plane. A 
second pair of pull cables extending through the cathe- 
ter is anchored at a second point in the tip assembly for 
bending the distal section in a predetermined plane. 
Any desired orientation of the bending planes is possi- 
ble with the invention. A handle/actuator for use with a 
steerable catheter having a tip assembly and four pull 
cables for bending said tip assembly, comprises a hous- 
ing containing rotary and linear actuators. The rotary 
actuator is in the form of a wheel rotatably supported in 
said housing with a portion of said wheel being accessi- 
ble from the exterior of said housing. Two of the pull 
cables are anchored to the wheel such that clockwise 
rotation of the wheel applies tension to one pull cable 
and counter-clockwise rotation of the wheel applies ten- 
sion to the second pull cable. The linear actuator com- 
prises a slider mounted in said housing and means 



exterior of the housing for moving the slider linearly. The 
third and fourth pull cables are anchored to the slider 
such that linear movement of the slider in one direction 
applies tension to the third cable and linear movement 
of the slider in the opposite direction applies tension to 
the fourth cable. 
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